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Search for the Higgs boson in the H — )■ VFVF^*) i^ui u decay channel 
in pp coUisions at y/s = 7 TeV with the ATLAS detector 
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The ATLAS CoUaboration 

A search for the Higgs boson has been performed in the H — >■ W'*' — >■ l'^vt~V channel {H — e/ ^) 
with an integrated luminosity of 2.05 fb~^ of pp collisions at y/s = 7 TeV collected with the ATLAS 
detector at the Large Hadron Collider. No significant excess of events over the expected background 
is observed and limits on the Higgs boson production cross section are derived for a Higgs boson 
mass in the range 110 GeV < mn < 300 GeV. The observations exclude the presence of a Standard 
Model Higgs boson with a mass 145 < mn < 206 GeV at 95% confidence level. 

PACS numbers; 12.15.Ji 14.80.Bn 13.87.Ce 14.70.Fm 14.70.Hp 



The Standard Model of particle physics postulates the 
existence of a complex scalar doublet with a vacuum ex- 
pectation value, which spontaneously breaks the elec- 
troweak symmetry, gives masses to all the massive ele- 
mentary particles in the theory, and gives rise to a physi- 
cal scalar known as the Higgs boson [11]. At the LHC, the 
Higgs boson is expected to be produced mainly through 
gluon fusion {gg H) ^ due to the large gluon density, 
although vector boson fusion {qq — qqH) [J^ is also im- 
portant. Associated production of Higgs bosons {WH , 
ZH) also contributes more than 4% to the total rate for 
m// < 135 GeV For > 135 GeV, H WW^*^ 
is the dominant decay mode of the Higgs boson. Direct 
searches at LEP and the Tevatron exclude a Standard 
Model Higgs boson with a mass mn < 114.4 GeV or 
156 GeV< TOH < 177 GeV 5] at 95% confidence level 
(CL). The search for H ^ ZZ ^ £lvv at ATLAS ex- 
cludes a Standard Model Higgs boson with a mass 340 < 
ruH < 450 GeV, while the search for H ZZ U 
excludes 191 < mn < 197 GeV, 199 < mn < 200 GeV, 
and 214 < mn < 224 GeV 6]. 

This Letter reports the results of a search for the 
Higgs boson in the channel H WW^*'> l+vl-V [7] 
{£ = e//j, but including contributions from r — > e//i de- 
cays) in 2.05 fb^^ of pp collisions at ^/s — 7 TeV recorded 
by the ATLAS detector during the LHC run of spring and 
summer 2011. As described in detail below, the search 
examines events containing two leptons and up to one jet. 
The main backgrounds are suppressed by cuts on angular 
distributions, invariant masses, and &-jet tagging infor- 
mation. The background normalization and composition 
is estimated in situ using several control samples defined 
by relaxing or reversing selection cuts. Similar searches 
were performed by CMS and ATLAS in 36 pb^^ ^ and 
35 pb-i 0, respectively. The ATLAS experiment [13] 
is a multipurpose particle physics detector with forward- 
backward symmetric cylindrical geometry allowing tracks 
within the pseudorapidity range \ri\ < 2.5 and energy 
deposits in calorimeters covering |ry| < 4.9 to be recon- 



structed. It is modeled using GEANT4 flT] and simu- 
lated events are reconstructed using the same software 
that is used to perform the reconstruction on data. The 
effects of multiple pp interactions ( "in-time" pile- up) and 
residual energy deposits from neighboring bunch cross- 
ings ("out-of-time" pile- up) are modeled in the Monte 
Carlo (MC) samples by superimposing a number of sim- 
ulated minimum-bias events on the simulated signal and 
background events. MC samples with different numbers 
of pile-up interactions are re-weighted to match the con- 
ditions observed in the present data: about 6 interactions 
per bunch crossing, with a 50 ns bunch spacing. The data 
used in this analysis were recorded during periods when 
all ATLAS sub-detectors were operating under nominal 
conditions. The events were triggered [12] by requiring 
the presence of a high-px electron or muon in the event. 

Electron candidates are selected from clustered energy 
deposits in the electromagnetic (EM) calorimeter with 
an associated track reconstructed in the inner detector 
and are required to satisfy a stringent set of identifica- 
tion cuts [13| with an efficiency of 71% for electrons with 
transverse momentum Et > 20 GeV and \ri\ < 2.47. 
Muons are reconstructed by combining tracks in the in- 
ner detector and muon spectrometer. The efficiency of 
this reconstruction is 92% for muons with pT > 20 GeV 
and \ri\ < 2.4. Events are required to have a primary 
vertex with > 3 tracks with pT > 0.4 GeV. For both 
electrons and muons, the track associated with the lep- 
ton candidate is required to be consistent with having 
been produced at the event's primary vertex. Leptons 
are required to be isolated, satisfying stringent cuts on 
tracks and calorimeter depositions inside a cone AR — 
VA^^ + Arp < 0.2 around the lepton candidate, where 
A(f) and A77 are the transverse opening angle and pseu- 
dorapidity difference between the lepton and the track 
or energy deposit. The lepton reconstruction efficiencies 
are evaluated with tag-and-probe methods using Z ££, 
J/'ip ^ U, and W ^ £p events in data [H ]. 

Jets are reconstructed from calibrated clusters using 
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TABLE I: The expected numbers of signal (mn = 150 GeV) and background events after the requirements listed in the first 
column, as well as the observed numbers of events in data. All numbers are summed over lepton flavor. 



H + 0-jet Channel 


Signal 


WW 


W ± jets 


Z/^* ± jets 


tt 


tW/tb/tqb WZ/ZZ/W-1 Total Bkg. 


Observed 


Jet Veto 


99 ±21 


524 ±52 


84 ±41 


174 ± 169 


42± 14 


32 ±8 


15 ±4 


872 ± 182 


920 


p'^ > 30 GeV 


95 ±20 


467 ± 45 


69 ±34 


30 ±12 


39 ±14 


29 ±8 


13 ±4 


648 ± 60 


700 


met < 50 GeV 


68 ±15 


118 ±15 


21±8 


13 ±8 


7±4 


5.8±1.8 


1.9±0.6 


166 ±19 


199 


A(l)u < 1.3 


58 ±13 


91 ±12 


12 ±5 


9±6 


6±3 


5.8±1.8 


1.7±0.6 


125 ±15 


149 


0.75 niH < ruT < mn 


40 ±9 


52 ±7 


5±2 


2±4 


2.4 ± 1.6 


1.5±1.0 


1.1±0.5 


63 ±9 


81 


H + 1-jet Channel 


Signal 


WW 


W ± jets 


Z/j* ± jets 


tt 


tW/th/tqh WZ/ZZ/W-i Total Bkg. 


Observed 


1 jet 


50 ±9 


193 ±20 


38 ±21 


74 ±65 


473 ± 124 


174 ± 26 


14 ±2 


967 ± 145 


952 


b-jet veto 


48 ±9 


188 ±19 


35 ±19 


73 ±61 


174 ±49 


66 ±11 


14 ±2 


549 ± 83 


564 


IPt'I < 30 GeV 


39 ±7 


154 ±16 


18 ±9 


38 ±32 


106 ± 30 


50 ±9 


9.7±1.5 


376 ± 48 


405 


Z ^ TT veto 


39 ±7 


150 ±17 


18 ±8 


34 ±23 


102 ± 23 


48 ±8 


9±2 


361 ±38 


388 


<r CpV 
lll^£i \ 0\J Vjre V 


26 ±6 


33 ±5 


O-L 1 A 
O.O ~ ± 




90 + 7 


11±3 


1.8±0.5 


77 ±12 




Afflu < 1.3 


23 ±5 


25 ±4 


2.1 ±1.0 


4±6 


17±6 


9±3 


1.5 ±0.4 


60 ±10 


72 


0.75 niH < rriT < mn 


14 ±3 


12 ±3 


0.9 ±0.4 


1.3±1.9 


8±2 


4.0 ±1.6 


0.7±0.3 


28 ±4 


29 


Control Regions 


Signal 


WW 


W + jets 


Z/^* ± jets 


tt 


tW/th/tqh WZ/ZZ/W-i Total Bkg. 


Observed 


WW 0-jet {niH < 220 GeV) 


1.7 ±0.4 223 ±30 


20 ±15 


6±8 


25 ±10 


15±4 


8±3 


296 ± 36 


296 


WW 0-jet {niH > 220 GeV) 


10 ±2 


173 ±23 


24 ±12 


13 ±19 


15±6 


8±3 


3.3 ±0.6 


236 ± 33 


258 


WW 1-jet [mH < 220 GeV) 


1.0±0.3 


76 ±13 


5±3 


5±5 


56 ±14 


23 ±5 


5.3±1.4 


171 ±21 


184 


WW 1-jet {rriH > 220 GeV) 


5.8±1.5 


51 ±9 


3.9 ±1.8 


10 ±10 


35 ±9 


18 ±4 


2.8±0.6 


120 ±17 


129 


tt 1-jet 


0.9 ±0.3 


3.9 ±1.0 




1±17 


184 ±64 


80 ±19 


0.2 ±0.9 


270 ± 69 


249 



the anti-fct algorithm 15| with radius parameter R = 0.4. 
Jet energies are calibrated using i?T and rj dependent cor- 
rection factors based on MC simulation and validated by 
test beam and collision data studies [l^. They are re- 
quired to have Et > 25 GeV and \ri\ < 4.5. Jets are 
identified as having been produced by b quarks using an 
algorithm that combines information about the impact 
parameter significance of tracks in the jet and the topol- 
ogy of semi-leptonic b- and c-hadron decays [l3|- The 
missing transverse momentum E^^^^ is reconstructed 
from calibrated energy clusters in the calorimeters and 
the reconstructed momenta of the muons, which gener- 
ally deposit only a small fraction of their energy in the 
calorimeters. The E^^^^ distribution in the presence of 
pile-up has been studied, and both E"™'^** as a function of 
the number of reconstructed primary vertices and E^^^'^ 
as a function of the event's position in the bunch train 
are well- modeled by MC. 

Exactly two opposite-sign lepton candidates (e or fi) 
with pt > 15 GeV for muons or Et > 20 GeV for elec- 
trons are required. The leading lepton must have trans- 
verse momentum > 25 GeV so the selected events have 
a high efficiency for the trigger selection. 

After the selection of events with two leptons, the sig- 
nificant backgrounds are the Drell-Yan process, tt and 
single top {tW/tb/tqb), WW, other diboson processes 
(WZ/ZZ/Wj), and T4^+jets where a jet is misidenti- 
fied as a lepton. In addition to data-driven validations 
of the background estimates discussed later, MC simula- 
tions of the signal and backgrounds are studied in detail. 
The gg H and qq — > qqH processes are modeled using 
POWHEG, with Pythia to handle the parton shower 
and the gg ^ H Higgs boson px spectrum is reweighted 



to agree with the prediction of Ref. [20| . Pythia is used 
to model WH/ZH production. Signal MC is generated 
in steps of 5 GeV for mn below 200 GeV and in steps of 
20 GeV for larger masses. Signal expectations for inter- 
mediate mass values are obtained by linear interpolation 
of the signal efficiency. The tt, s-channel single top {tb), 
and qq/qg -> WW/WZ/ZZ processes are generated with 
MC@NLO, t-channel and Wt single top with AcerMC 
(interfaced to the parton shower algorithm in Pythia), 
gg — ^ WW with GG2ww interfaced to the parton shower 
algorithm in Herwig [lH, Wj with MadGraph inter- 
faced to Pythia, and PF+jets and Z/j*+jets with Alp- 
gen interfaced to Pythia [22 |. 



If the two leptons have different flavors, their invariant 
mass (to«) is required to be above 10 GeV. Otherwise, 
they must satisfy mu > 15 GeV and they must lie out- 
side the region with |m« — mz\ < 15 GeV to suppress 
backgrounds from T and Z production, respectively. 

The quantity E^''^^^^ is defined as Ef'^"" if the angle 
A(f) between the missing transverse momentum and the 
transverse momentum of the nearest lepton or jet is 
greater than 7r/2, or E™^^^ sm{A(l)) otherwise. i?xrci 
less sensitive to the mismeasurement of a single lepton 
or jet than E^^^^. To suppress backgrounds from multi- 
jet events and Drell-Yan production, it is required that 
> 40 GeV if the two leptons have the same flavor, 
> 25 GeV if they have different flavor. 

After these requirements, the data are separated into 
H + 0-jet and H + 1-jet [23| samples based on whether 
they have zero or exactly one jet. In the H + 0-jet chan- 
nel, the dilepton system is required to have a large trans- 
verse boost, > 30 GeV, to suppress backgrounds from 
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Z+jets and continuum WW production. 

To suppress background from top-quark production, 
events in the H + 1-jet channel are rejected if the jet is 
identified as the decay of a 6-quark. These candidates are 
further required to have |Px'l < 30 GeV, where p^' is 
the vector sum of the transverse momenta of the jet, the 
two leptons, and the i?™'**^ vector. This latter selection 
suppresses events with significant hadronic activity that 
recoils against the p!^' system but does not leave high pT 
jets in the detector. In the H + 1-jet channel, the event 
is required to pass the Z ^ tt rejection cut used in the 
H WW analysis of Ref. [H. 

Top and WW backgrounds are suppressed by an up- 
per bound on m«. Because the to« distribution for 
the signal depends strongly on mpj, the chosen upper 
bound depends on the Higgs boson mass hypothesis. For 
toh < 170 GeV, mu < 50 GeV is required, while for 
170 < mn < 220 GeV, the cut is to« < 65 GeV. For 
mn > 220 GeV, the requirement is 50 < mu < 180 GeV. 

For mu < 220 GeV, an upper bound is imposed on 
the azimuthal angle between the two leptons to exploit 
differences in spin correlations between signal and back- 
ground: A</)« < 1.3 for mn < 170 GeV, or Acjju < 1.8 
for mn < 220 GeV. The final requirement uses the 
transverse mass mx 25| which is defined as (mx)^ — 



ml + 2(e„|pT,i| — PT.t; • PT,i), where the subscripts v 
and i denote the visible and invisible decay products 
and By = a/pt.d • Pt,v + ml denotes the transverse en- 
ergy. The transverse mass tot is required to lie within 
0.75toh < TOT < mu if TOH < 220 GeV or 0.6toh < tot < 
Toh otherwise. The upper bound on this window reduces 
the WW and top backgrounds and excludes regions of 
phase space where interference effects between the signal 
and the gg WW background are large [l^ . 

Table HI shows the expected and observed event yields 
after these cuts. As described below, the W^-l-jets back- 
ground is entirely determined from data, whereas for the 
other processes the expectations are based on simulation, 
with Z/^* + jets, ti, and tW/tb/tqb corrected by scale 
factors derived from control samples. The uncertainties 
shown are the sum in quadrature of systematic uncer- 
tainties and statistical errors due to the finite number of 
MC events. Figure [T] shows the distributions of mu and 
A(/)££ before the final cut on mu, and the distribution of 
Tot after the cut on A(/)«. 

The background from VF-f jets events where one jet is 
misidentified as a lepton is estimated from data using 
a control sample where one of the two leptons satisfies a 
loosened set of identification and isolation criteria but not 
the full set of criteria normally used. The extrapolation 
from this control sample to the signal region is extracted 
from dijet events 27 [. 

The Drell-Yan background is corrected for mis- 
modeling of the distribution of E^^^^ at high values based 
on the observed difference between the fraction of events 
passing the i?™ rei > 40 GeV selection in data and MC 



simulation for events with mu within 10 GeV of the Z 
boson mass. The correction factors are all found to be 
between 0.8 and 0.9, which indicates that the background 
in the signal region is about 15% less than the MC esti- 
mates. 

The WW and top backgrounds are normalized by a 
simultaneous fit to the numbers of observed events in 
the signal region and several control samples. A sample 
enriched in WW background is defined by removing the 
selections on tot and /S.(j)u and changing the selection on 
mu- For toh < 220 GeV, the cut is changed to mu > 
80 GeV, while for toh > 220 GeV, the control region is 
the union of the regions with 15 < mu < 50 GeV and 
mu > 180 GeV. This control sample is studied separately 
for the H + 0-jet channel and the H + 1-jet channel, and 
the observed yields are consistent with expectations in 
both cases. The yields in these control regions, shown in 
Table U are propagated to the signal region using scale 
factors computed with MC. 

In the If -|-0-jet channel, the top-enriched control sam- 
ple consists of the same preselected sample used in the 
rest of this analysis: events with two leptons and i?™ rcV 
The scale factor used to propagate the tt yield from this 
sample to the signal region is estimated as the square of 
the efficiency for one top decay to survive the jet veto 
(estimated using another control sample, defined by the 
presence of an additional 6-jet), with a correction com- 
puted using MC to account for the presence of single 
top [iil] . A sample enriched in top background is defined 
for the H + 1-jet channel by reversing the &-jet veto and 
removing the cuts on A4>ii, mu, and tot- The extrap- 
olation to the signal region is done using a scale factor 
computed using MC. The control samples for top in the 
H + 0-jet and H + 1-jet channels also normalize the top 
contamination in the corresponding WW control regions. 
In both cases, the estimated top backgrounds are consis- 
tent with the expected yields in Table ID 

The signal significance and limits on Higgs boson pro- 
duction are derived from a likelihood function that is the 
product of the Poisson probabilities of each of the lepton 
flavor and jet multiplicity yields for the signal selections, 
the H^W^-l-O-jet and M^W^-|-l-jet control regions, and top 
control region for the H + 1-jet channel. The normaliza- 
tion of the signal, the WW cross sections for the iJ-|-0-jet 
and H + 1-jet channels, and the top cross section for the 
H + 1-jet channel are allowed to vary independently; the 
control regions included in the fit constrain all of these 
except the signal yield. All other components are normal- 
ized to their expectations scaled by nuisance parameters 
constrained by Gaussian terms that include the system- 
atic uncertainties described below. The results from the 
control sample measurements for the top background in 
the H + 0-jet channel and for the W^-|-jets and Drell-Yan 
backgrounds everywhere are used as the expected values 
for the corresponding backgrounds in the fit. Since these 
contributions are small, the control samples themselves 
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FIG. 1: Distributions of m« (left), A(j>ii (center), and mx (right). The top row shows the selection for the H + 0-jet channel 
and the bottom row for the H + 1-jet channel. The left and central plots are shown after the selection for the H + 0-jet 
channel and after the |pt'| cut for the H + 1-jet channel. For the rightmost plots, the distributions are shown after all the 
cuts for niH = 150 GeV except the cut on rriT itself The background distributions are stacked, so that the top of the diboson 
background coincides with the Standard Model (SM) line which includes the statistical and systematic uncertainties on the 
expectation in the absence of a signal. The expected signal for mi/ = 150 GeV is shown as a separate thicker line, and the final 
bin includes the overflow. 



are not explicitly modeled in the fit as they are for top 
in the H + 1-jet channel and for WW everywhere. 

The systematic uncertainties include contributions 
from the 3.7% uncertainty in the luminosity .29j . and 
from theoretical uncertainties, which are -8/ +12% and 
±8% from the QCD scale and 1% and 4% from the par- 
ton density functions, for gg ^ H and qq — > qqH respec- 
tively. Additional theoretical uncertainties on the accep- 
tance are assessed as described in Ref. [30l|. In particular, 
the uncertainty in the assignment of events to jet mul- 
tiplicity bins is included separately as an uncertainty on 
the cross section of each bin, calculated from the approx- 
imate 10% and 20% uncertainties of the inclusive 0-jet 
and 1-jet cross sections, respectively. 

Several sources of measurement uncertainty are taken 
into account. The uncertainty on the jet energy scale is 
less than 10% on the global scale including flavor compo- 
sition effects, with an additional uncertainty of up to 7% 
due to pile- up [l^ . The electron and muon efficiencies are 
determined from samples of W and Z boson data with 
uncertainties of 2-5% and 0.3-1%, respectively, depend- 
ing on \r]\ and px- Uncertainties are < 1% and < 0.1%, 
respectively, on the lepton energy scale and < 0.6% and 
< 5% on the resolution [l3|. The uncertainties on the 
6-tagging efficiency and mistag rate are 6-15% and up to 
21%, respectively A 13% uncertainty is applied to 
the energy scale for low-px depositions in the E^^^'^ mea- 
surement. All these sources of detector uncertainty are 
propagated to the result by varying reconstructed quan- 
tities and observing the effect on the expected yields. For 
the WW background, the total (theoretical and experi- 
mental) uncertainty on the ratio of cross sections in the 
signal and control regions is 7.6% in the -ff-f 0-jet channel 
and 21% in the iJ -I- 1-jet channel; for the top background 
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FIG. 2: The expected (dashed) and observed (sohd) 95% CL 
upper limits on the cross section, normalized to the Standard 
Model cross section, as a function of the Higgs boson mass. 
Expected limits are given for the scenario where there is no 
signal. The vertical lines in the curves indicate the points 
where the selection cuts change, and the bands around the 
dashed line indicate the expected statistical fluctuations of 
the limit. 

in H + 1-jet the total for the extrapolation to the signal 
region is 38%, and 29% to the WW control region. 

No significant excess of events is observed. The largest 
observed deviation from the expected background is 1.9cr. 
A 95% CL upper bound is set on the Higgs boson cross 
section as a function of mn using the CLs formalism [3l| . 
Figure [2] shows the expected and observed limits. Dis- 
continuities occur where the selection changes, since the 
signal regions there are less statistically correlated be- 
tween adjacent masses. In the absence of a signal, one 
would expect to exclude a Standard Model Higgs boson 
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in the range 134 < mn < 200 GeV at the 95% CL. The 
Higgs boson mass interval excluded by the measurements 
presented in this Letter, 145 < mn < 206 GeV, is consis- 
tent with that expectation. This measurement excludes, 
at 95% CL, a larger part of the mass range favored by 
the electroweak fits than previous limits [3^ . 
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M. Fraternali"^*''"^^, S. Fratina"^ S.T. French^^, F. Friedrich R. FroeschP^, D. Froidevaux^^, J.A. Frost^'^, 
C. Fukunagal5^ E. Fullana Torrcgrosa^^, J. Fusteri^s, c. Gabaldon^s, O. Gabizoni™, T. Gadfort^^, S. Gadomski^^, 
G. Gagliardi^o^'^o*^, P. Gagnon^o, C. Galca^^ E.J. Gallas"^ V. Galloi^, B.J. Gallop^^s, p. Gallusi24, K.K. Gan^os^ 
Y.S. Gaoi42,e^ v.A. Gapienko^^^, A. Gaponenkoi'', F. Garberson""^ Garcia-Sciveres^^, C. Garcfai^e, J.E. Garcia 
Navarrol*^^ R.W. Gardner^", N. Garelli^^, H. Garitaonandia^o^, V. Garonne^^, J. Garvey^^, C. Gatti*^, 
G. Gaudio"^^, O. Gaumer^^, B. Gaur^o^ L. Gauthieri^s^ I.L. Gavrilenko^^, C. Gay^^^^ G. Gaycken^o, 
J-C. Gayde29, E.N. Gazis^ P. Ge^^^, C.N.P. Gee^^s, D.A.A. Geerts^o*, Ch. Geich-Gimbel^o, K. Gcllcrstedti''5a,i45b^ 
C. Gemme^O'^, A. GemmellS^ M.H. Genest'^^, S. Gentile^^^'''^^^'', M. George^*, S. George''^ P. Gcrlachl^^ 

A. Gcrshoni52^ C. GewenigerSS'^, H. Ghazlanei34b^ n. Ghodbane^s, B. Giacobbei9% S. Giagu"ia,i3ib^ 

V. Giakoumopoulou^ V. Giangiobbe", F. Gianotti^^, B. Gibbard24, A. Gibson^s^ S.M. Gibson29, L.M. Gilbert"^ 
V. Gilewsky90, D. Gillberg^^, A.R. Gillman^^s, D.M. Gingrich2.'', J. Ginzburgi52, N. Giokaris^ M.P. Giordanii63c, 
R. Giordanoi°i'^'i°i'', F.M. Giorgi^^, P. Giovannini^s , P.F. Giraud^^s^ D. Giugni^^^, M. Giunta92, p GiugtiiSa^ 

B. K. Gjelsten"6^ L.K. Gladilin^e, C. Glasman™, J. Glatzcr^s, A. Glazov'^\ K.W. Glitza^™, G.L. Glonti^*, 
J. Godfreyi-^i, J. Godlewski29, M. Goebel^i, T. G6pfcrt4'\ C. Gocringer^o, C. G6ssling42^ rj, 

S. Goldfarb^e, T. GoUingi^^^ S.N. Golovniai27, A. Gomesi23a,b^ p g Gomez Fajardo^i, R. Gongalo^s^ 

J. Goncalves Pinto Firmino Da Costa^^, L. Gonella2°, A. Gonidec^^, S. Gonzalcz^^^, S. Gonzalez dc la Hoz^^^, 

G. Gonzalez Parra^^, M.L. Gonzalez Silva^^, S. Gonzalez-Sevilla^^, J.J. Goodson^**^, L. Goossens2'', 

P.A. Gorbounov94, ^ Gordon24, I. Gorelovi02^ Q. Gorfinel^^ B. Gorini29, E. Gorini^i^'^i'^, A. Gorisek^^^ 

E. Gornicki^s, S.A. Gorokhovi27^ y.N. Goryaclievi27^ B. Gosdzik^i, M. Gosselinkio^^ M.I. Gostkin^^, 

I. Gough Eschriclii62^ M. Gouighri"4a^ d. Goujdamii^*^^ m.P. Goulette4^ A.G. Goussiou"^^ c. Goy", 

S. Gozpinar22. I. Grabowska-Bold''^, P. Grafstrom2^, K-J. Grahn^^, F. Grancagnolo^^*^, S. Grancagnolo^"'', 

V. Grassi"7, y. Gratcliovi20, N. Gran-**, H.M. Gray29, J.A. Gray"^ E. Grazianii^Sa^ q.G. Grebonyuki20, 

T. Greenshaw^2^ 2.D. Greenwood24.', K. Gregersen^^, I.M. Gregor^i, P. Grcnicr"2^ j. Griffithsi^^^ 

N. Grigalashvili6^ A.A. Grillol■^^ S. Grinstcin", Y.V. Grishkcvich'^^ J.-F. Grivaz"*, M. Groll9^ E. Gross^™, 

J. Grossc-Kncttcr^4, J. Groth-Jcnscni™, K. Grybcl^o^ V.J. Guarino^, D. Guosti^*, C. Guiclioney33, 

A. Guida^i^''^ib^ s. Guindon54, H. Gulcr^^,™^ j Guntheri24, B. Guo^-", J. Guo^*, A. Gupta^o, Y. Gusakov^^, 

V.N. Gushcliini27^ A. Gutierrez92, p Gutierrez"", N. Guttmani-"^2^ q. Gutzwilleri^i, C. Guyoti'^^ C. Gwcnlan"^ 

C. B. Gwilliani^2^ a. Haas"2^ S. Haas29, C. Haber^^^ jj Hadavand'''^ D.R. Hadley^^ P. Hacfncr''^ F. Hahn29, 
S. Haider29, Z. Hajduk^s, H. Hakobyan^^^ D. Hall"^, J. Haller^^, K. Hamaclicri^^^ P. Hamal"2^ m. Hamer^*, 

A. Hamilton"4b.o^ g Hamiltoni^o^ H. Han32a, L. Han32b^ K. Hanagaki"^^ K. Hanawa^^'', M. Hance", C. HandeP^ 
P. Hanke^*^^, J.R. Hansen^^, J.B. Hansen^^, J.D. Hansen^^, P.H. Hansen^^, P. Hansson"2^ K. Hara^^^^, G.A. Hare"6^ 
T. Harenbergi^'\ S. Harkusha^^ D. Harper*^^ R.D. Harrington^^^ O.M. Harris^^T^ ^ Harrison^'^, J. Hartert4^ 

F. Hartjes^o^, T. Haruyama*^'^^ A. Harvey^^ S. Hasegawa^oo, Y. Hasegawai^s, S. Hassani^s^ M. Hatcli29, D. HaufiP^, 
S. Haugis, M. Hauschild^s, R. Hauser^^ M. Havranek20, B.M. Hawes^", CM. Hawkesi^, R.J. Hawkings^^, 

D. Hawkinsi62, T. Hayakawa^e, T. Hayashii^^, D. Hayden^^ H.S. Hayward^^ S.J. Haywood^^s, E. Hazen2i, 
M. He32d, S.J. Head^^ V. Hedberg^^, L. Heelan^ S. Heim^^ B. Heinemanni^, S. Heisterkamp^s, L. Helary^, 
C. Heller^^ M. Heller^^, S. Hellmani^^a.^sb^ p, Hellmich^o, C. Helsens", R.C.W. Henderson^'O, M. Henke^^*^, 
A. Henrichs^'', A.M. Henriques Correia2^, S. Henrot-Versille"'', F. Henry-Couannier^2^ G. Hensel^^, T. Henfi^''^, 
C.M. Hernandez^, Y. Hernandez Jimenez^^^, R. Herrberg^^, A.D. Hershenhorn^^^, G. Herten''^*, R. Hertenberger^^, 
L. Hervas^^, N.P. Hessey^O"^, E. Hig6n-Rodriguezl*5^ D. Hill^'*, J.C. Hill^^, N. Hill^ K.H. Hiller'^i, S. Hillert^o, 
S.J. Hillieri^ I. Hinchliffei4, E. Hines"", M. Hirose"^ F. Hirsch42, D. Hirschbuehli^^ J. Hobbs^^^ N. Hod^^^^ 
M.C. Hodgkinsoni38, R Hodgsoni^s, A. Hoecker29, M.R. Hoeferkamp™2^ j Hoffman^^, D. Hoffmann82, 

M. Hohlfeld^o, M. Holderi^o, S.O. Holmgren"^^, T. Holy^^e, J.L. Holzbauer^^, Y. RommaP^, T.M. Hong"^, 
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L. Hooft van Huysduyncnio^ T. Horazdovskyi^e^ C. Horn"2, S. Horner^s, J-Y. Hostachy^s, S. Houi^", 

M.A. Houlden^^ A. Hoummada"'''', J. Howarth^S D.F. Howell"^ I. Hristova l^ J. Hrivnaci", I. Hruska^24^ 

T. Hryn'ova*, P.J. Hsu^o, S.-C. Hsu", G.S. Huangi^o, Z. Hubaceki^e, p. Hubaut^^ F. Hucgging^o, 

T.B. Huffman"^ E.W. Hughes^^, G. Hughes™, R.E. Hughes- Jones^i, M. Huhtinen^s, P. Hurst'", M. Hurwitz^^, 

U. Huscmann^i, N. Huseynov^^.P, J. Huston^^, J. Huth^^, G. lacobucci''^, G. Iakovidis^ M. Ibbotson^i, 

I. Ibragimov^^'^, R. Ichimiya®^, L. Iconomidou-Fayard^", J. Idarraga^^^, P. Iengo^°^'^, O. Igonkina^*^^, Y. Ikegami^^, 

M. Ikeno^s, Y. Ilchenko^s, D. Iliadisiss, N. Ihci^^^ D. Imbault^^ M. Imorii^*, T. Incc^o, J. Inigo-Golfin^^, 

P. loannou^, M. lodice^^^'", A. Irles Quiles^'^'^, C. Isaksson^'^^, A. Ishikawa'^*^, M. Ishino'^^, R. Ishmukhametov^^, 

C. Issever"^ S. Istin^sa, A.V. Ivashini^^, w. Iwanski^s, H. Iwasaki^s, J.M. Izen^o, V. Izzo^oi^, B. Jackson"9, 

J.N. Jackson^^ P. Jackson"^^ M.R. Jackel^^, V. Jain^o, K. Jakobs4^ S. Jakobsen^^, J. Jakubek^^e, D.K. Jana"°, 

E. Jankowski^^'^, E. Jansen'^^, H. Jansen^^, A. Jantsch''^, M. Janus^", G. Jarlskog^*, L. Jeanty^^, K. Jelen^'^, 
I. Jen-La Plante=^°, P. Jennies, A. Jeremic*, P. Jez^s, S. Jezequel*, M.K. Jha^^^, H. Ji^^^, W. Ji^o, J. Jia"^ 
Y. Jiang^^^, M. Jimenez Belenguer^\ G. Jin^^^, S. Jin^^^, O. Jinnouchi^^^, M.D. Joergensen^"'' , D. Joffe^^, 
L.G. Johanseni3, M. Johanseni''5a,i45b^ Johanssoni^'s^, P. Johanssoni^s, S. Johnert4\ K.A. Johns^, 

K. Jon-And^^s^'i^s'', G. Jones^S R.W.L. Jones™, T.W. Jones™, T.J. Jones^^^ O. Jonsson^^, C. Joram^s, 

P.M. Jorgei23a^ J. Joseph", T. Jovini^b^ x. Ju^^, C.A. Jung42, V. Juraneki24^ R Jussel^i, A. Juste Rozas^S 

V.V. Kabachenkoi27, s. Kabana^^ M. Kacii^e^ A. Kaczmarska^^, P. Kadlecik^^, M. Kadoi", H. Kagan™^, 

M. Kagan", S. Kaiser^^, E. Kajomovitzisi, S. Kalinini^^^ L.V. Kalinovskaya^*, S. Kama^^^ N. Kanaya^54^ 

M. Kaneda29, T. Kannoise, V.A. Kantserov^^, J. Kanzaki^^, B. Kaplan"^, A. Kaphy^o, J. Kaplon^^, D. Kar^s, 

M. Karagounis^^, M. Karagoz"^, M. Karnevskiy''^ K. Karr'^ V. Kartvehshvih^°, A.N. Karyukhin^^T^ Kashif^'^^ 

G. Kasieczka^^^, R.D. Kass™^, A. Kastanas^^, M. Kataoka^ Y. Kataoka^^", E. Katsoufis^, J. Katzy*^ V. Kaushik^ 

K. Kawagoe'^^ T. Kawamotol'5^ G. Kawamura^o, M.S. Kayl™^^ y.A. Kazanin™^ M.Y. Kazarinov^^, J.R. Keates^i, 

R. Keeleri68, R. Kehoe^^, M. Keil^^, G.D. Kekehdze^^, J. Kennedy^^ C.J. Kenney"^ M. Kenyon^a, 0. Kepka^^^, 

N. Kerschen29, B.P. Kersevan™, S. Kersten^™, K. Kessoku^^^, J. Keung^", F. Khahl-zada^o, H. Khandanyani64, 

A. Khanov"!, D. Kharchenko64, A. Khodinov^s, A.G. Kholodenkoi27^ A. Khomich'^*'^, T.J. Khoo^^, G. KhoriauU^o, 

A. Khoroshiloyi™, N. Khovanskiy^^, V. Khovanskiy^-*, E. Khramov^^, J. Khubua^i'^, H. Kim"5a,i45b^ Y.im'^, 

P.C. Kim"^ S.H. Kimi59, N. Kimura^'^s^ O. Kindl^ B.T. King^^ M. King^e, R.S.B. King"^ J. Kirk^^s, 

L.E. Kirsch22, A.E. Kiryunin^^, T. Kishimoto^^ D. Kisielewska^"^, T. Kittelmanni22^ A.M. Kiver^^^^ e. Kladiva"^'', 

J. Klaibcr-Lodewigs''^, M. Klein^^ U. Klein^^ K. Kleinknecht*°, M. Klemetti^'', A. Kher^™, A. Khmentov^*, 

R. Khngenbcrg42, E.B. Khnkby^^, T. Khoutchnikova^^, P.F. Klok™^^ S. Klous^o^, E.-E. Klugc^s^ T. Kluge^^ 

P. Kluit™'^, S. Kluth^s, N.S. Knechti^^^ E. Kneringer^i, J. Knobloch29, E.B.F.G. Knoops82, A. KnueS"*, B.R. Ko*", 

T. Kobayashii54^ M. Kobel^^, M. Kocian"2^ p. Kodysi25^ K. K6neke2«, A.C. Konigi"^^ s. Koenig*^o, L. Kopke^", 

F. Koctsvcldi"3^ p. Kocvesarki20, T. Koffas28, E. Koffenian™^^ p. Kohn^^, Z. Kohouti26^ T. Kohriki^s, T. Koi"^ 
T. Kokott2", G.M. Kolachevi"^^ h. Kolanoskiis, V. Kolcsnikov64, I. Koletsou^*^^, J. KoU^^, D. KoUar29, 

M. Kollcfrath^s, S.D. Kolya^i, A.A. Komar^^^ y. Komoriis^^ rj. ^.^^^^65^ rp Y.ono^^^'^, A.I. Kononov^s, 

R. Konophchi"^^'', N. Konstantinidis™, A. Kootz^™, S. Kopcrny^^, S.V. Kopikovi27^ K. KorcyP*, K. Kordasi^a, 

V. Koreshevi27^ Korn"^. A. Koroli"^', I. Korolkov", E.V. Korolkovai^''^ V.A. Korotkovi^^^ Q. Kortncr^*, 

S. Kortner^^, V.V. Kostyukhin^", M.J. Kotamaki2», S. Kotov'^», V.M. Kotov*^'^, A. Kotwal^^, C. KourkoumehsS, 

V. Kouskoura^-'^^^ a. Koutsmani^*'^, R. Kowalewskiif'*, T.Z. Kowalski^"^, W. Kozaneckii-'^'\ A.S. Kozhini27^ 

V. Krali26, V.A. Kramarenko^^ G. Kraniberger™, M.W. Krasny"^^, A. Krasznahorkay"'^. J. Kraus*^ J.K. Kraus2", 

A. Kreiseli-'^2^ p Krcjcii2fi, J. Kretzschmar^2^ Kricgei-"^"^ p_ Kriegcri-", K. Kroeningei-'^^^ jj Kroha^^ J. Kroll"^, 

J. Kroseberg2°, J. Krstic^2a^ u_ Kruchonak^^, H. Kruger2", T. Kruker^^, N. Krumnack®^, Z.V. Krumshteyn^^, 

A. Kruth20, T. Kubota*5, S. Kuehn^^, A. Kugel^^c^ rp j^^i^i4i^ y) Kuhn^i, V. Kukhtin^^, Y. Kulchitsky*^^, 

S. Kuleshov'^i'^, C. Kumnier^^ M. Kuna^^ N. Kundu"^ J. Kunkle"^, A. Kupcoi24^ h. Kurashige^e, M. Kuratal5^ 

Y.A. Kurochkin8^ V. Kusi24^ M. Kuze^^^ J. Kvita^i, R. Kwoel^ A. La Rosa^^ L. La Rotonda^e'^'^eb, 

L. Labarga™, J. Labbe^, S. Lablaki-''4a^ ^ Lacastai^e^ p. Lacavai^ia.isib^ jj_ Lackeri^, D. Lacour^^, 

V.R. Lacuesta^^s, E. Ladygin*^'4^ Lafaye'^, B. Laforge"^^, T. Lagouri™, S. Lai''*, E. Laisne5^ M. Lamanna29, 

C.L. Lampen^, W. Lampl^, E. Lancon^s, U. Landgraf*^ M.P.J. Landon^4^ jj. Landsmani^i, J.L. Lane*^\ 

C. Lange^i, A.J. Lankford^^^ F. Lanni24, K. Lantzsch^™, S. Laplace^^ C. Lapoire^o, J.F. Laporte^s, T. LariSS'^, 

A.V. Larionov A. Larner^^^, C. Lasseur^^, M. Lassnig^^, P. Laurelh^^, W. Lavrijsen^'', P. Laycock''^, 

A. B. Lazarev64, Q. Le Dortz"^^, E. Lc Guirriec82^ q Maner^'", E. Le Menedeu^^s^ C. Lebel^^^ T. LeCompteS, 

F. Ledroit-Guillon^s, H. Lee™'', J.S.H. Lec"^, S.C. Lee^^^, L. Lee^", M. Lefebvre™*, M. Legendre^^s, A. Leger^^, 

B. C. LeGeyt"^ F. Legger^^, C. Leggett", M. Lehmacher^o, G. Lehmann Miotto^^, X. Lei^ M.A.L. Leite^^^, 
R. Leitneri25, D. Lehouchi™, M. Leltchouk34, B. Lenimer54, V. Lendermann^Sa^ K.J.C. Leney"'"', T. Lenz™", 

G. Lenzeni™, B. Lenzi29, K. Leonhardt''^, S. Leontsinis^, G. Leroy^^^ J-R. Lessard™*, J. Lesser^^a^ c.G. Lester27, 
A. Leung Fook Cheong^'^^ J. Leveque^, D. Levin*^, L.J. Levinson^™, M.S. Levitski^^'^, A. Lewis^^'^, G.H. Lewis™'^, 
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A. M. Leyko^o, M. Leytonl^ B. Li^^, H. Lil^l'^ S. U^^^'\ X. Li^e, Z. Liang"^'", H. Liao^^, B. Libertii32a^ 

P. Lichard^s, M. Lichtnecker^^ K. Lie^"^-*, W. Licbig", R. Lifshitz^^i, C. Limbach^o, A. Limosani8^ M. Limpcr^'^ 
S.C. LinisO'", F. Linde^o^, J.T. LinnemannS^, E. Lipcles"^, L. Lipinskyi^*, A. Lipniacka^^, T.M. Liss^^*, 
D. Lissauer24, A. Listeria, A.M. Litke^^e, C. Liu^s, D. Liuiso, H. Liu^e, J.B. Liu^e, M. Liu^^^, S. Liu^, Y. Uu^^^, 
M. Livan"^^'"^'^, S.S.A. Livermore"^ A. Lleres5^ J. Llorente Merino^^, S.L. Lloyd^"^, E. Lobodzinska^i, P. Loch^, 
W.S. Lockmani36, T. Loddenkoetter^o, F.K. Loebinger^S A. Loginoyi''^, C.W. Loh^^^, t. Lohsel^ K. Lohwasser4^ 
M. Lokajiccki24^ j. Lokcn V.P. Lombardo'', R.E. Long™, L. Lopesi23a,fc^ Lopez Mateos^'', J. Lorcnz^'^, 
M. Losada^si, R Loscutoffi'', F. Lo Sterzo^^ia-isib^ y^j_ Losty^^^^, X. Lou'"^, A. Lounis^", K.F. Loureiro^^^S 
J. Love^i, P.A. Love™, A.J. Lowe^^^.e^ p Lu^^^, H.J. Lubatti^^^, c. Lucii^i^ iaib ^ Lucotte^^, A. Ludwig4^ 
D. Ludwig''!, L Ludwig^s^ J. Ludwig48, F. Luehring^o, G. Luijckxlo^ D. Lumb^'^, L. Luminarii^i^^ E. Lund"^ 

B. Lund-Jensen"^ B. Lundberg^^, J. Lundbergi45a,i45b^ j Lundquist^^, M. Lungwitz^o, G. Lutz^^, D. Lynn^", 
J. Lys", E. Lytken^s^ H. Ma^*, L.L. Ma^^S J.A. Macana Goia9^ G. Maccarrone*^, A. Macchiolo9^ B. Macek™, 
J. Machado Migucns^^Sa^ ^ Mackeprang^'^ R.J. Madaras", W.F. Mader'*^, R. Maenner^^'^, T. Macno^^, 

P. Mattigi™, S. Mattig4\ L. Magnoni^^, E. Magradze^^, Y. Mahalalel^^^ K. Mahboubi"*^, G. Mahout^^, 

C. Maiami3ia,i3ib^ q Maidantchik^^^, A. Maio^^Sa.b^ g Majewski^*, Y. Makida*^^^ N. Makovec^", P. Mal^^s^ 
Pa. Malecki^s, P. Malecki^s, V.P. Maleeyi^o, p. Malek^s, U. Mallik^^ D. Malon^, C. Malone"^^ S. Maltezos^ 
V. Malyshev™6, S. Malyukov^^, R. Mameghani^^, J. Mamuzic^^b, A. Manabe'^^ L. Mandelli^^^, I. Mandic™, 
R. Mandrysch^^, J. Maneira^^^**, P.S. Mangeard^'^, LD. Manjavidze^*, A. Mann^^, P.M. Manning^^^, 

A. Manousakis-Katsikakis^, B. Mansoulie^^s^ ^ Manz^^, A. Mapelli^^, L. Mapelli^^, L. March ™, J.F. Marchand^^, 
F. Marchese^^^'^'i^^'', G. Marchiori'^^, M. Marcisovskyi24^ ^_ Marin^i-*, CP. Marino^'^^, F. Marroquim^^''^, 
R. Marshall**\ Z. MarshalP, F.K. Martens^^^ S. Marti-Garcia^^^ A.J. Martin"^, B. Martin^^, B. Martin^^ 

F. F. Martin"^ J.P. Martin^^, Ph. Martin5^ T.A. Martin", V.J. Martin'^^ B. Martin dit Latour^^, 

S. Martin-Haugh^s, M. Martinez", V. Martinez Outschoorn^'^, A.C. Martyniuk^'^s, M. Marx^\ F. Marzano^^^^, 

A. Marzin^o, L. Masetti^°, T. Mashimoi^"^, R. Mashinistov^^, J. Masik^i, A.L. Maslennikov^^*^, L Massa^^'^'^^'', 

G. Massaroi04^ N. Massol'', P. Mastrandrea^i^.isib^ A. Mastroberardino^e^^^seb^ rj. Masubuchii'^"^ jyj Mathes=^°, 

P. Matricon^", H. Matsumoto^^^, H. Matsunaga""*, T. Matsushita'^^, C. Mattravers"'^'^ J.M. Maugain^^, 

J. Maurer^^ S.J. Maxfield^^^ D.A. Maximov™'*'-'', E.N. May^ A. Mayne^^s, R. Mazinii^o^ m. Mazur^o, 

M. Mazzanti**«^ E. Mazzoni^i^'^i^, S.P. Mc Kee^e, A. McCarni64^ R.L. McCarthy"^ T.G. McCarthy's, 

N.A. McCubbini28, K.W. McFarlane5^ J.A. Mcfayden"^^ H. McGlone^^^ G. Mchedhdze^i'^, R.A. McLaren'^, 

T. Mclaughlan", S.J. McMahon^^, R.A. McPhersoni^s.i, A. Meade^^, J. Mechnich™^, M. Mechtel"3, 

M. Medinnis''!, R. Meera-Lebbai"o, T. Meguro"^ R. Mehdiyev^', S. Mchlhasc^^, A. Mchta™, K. Mcicr^^^^, 

B. Meirosc^^ C. Melachrinos^o, B.R. MeUado Garcia"S L. Mendoza Navas"'\ Z. Mcngi'™'", A. McngarcUii^^^i^*^, 
S. Menke9^ C. Menot'^, E. Meoni", K.M. Mercurio^^ P. Mermod^^, L. Meiola^^^''-'^^^'" , C. Meroni^^a^ 

F. S. Mcrritt^o, A. Messina'^, J. Mctcalfcio^ A.S. Mcte^-\ C. Meyer^o, C. Meyer^o, J-P. Meyer"^ J. Meyer"^ 
J. Mcyer^*, T.C. Meyer's, ^ rj, jv^ycrSS, J. Miao''^''^, S. Michal'^, L. Micu'^^^, R.P. Middleton"^^ P. Miele'^ 
S. Migas^2, L. Mijovic^i, G. Mikenbergi™, M. Mikestikova"*, M. Mikuz™, D.W. Miller^o, R.J. Miller^^, 
W.J. MiUs^"^. C. Mihs'", A. Milov"", D.A. Aiilsteadi*'"'!*^'', D. Milstein"", A.A. Minacnko^^T^ m. Minano 
Moya^f^^ LA. Minaslivih*'^, A.L Mincer"'^ B. Mindin'", M. Mineev^*, Y. Ming"\ L.M. Mir", G. MirabcUii-'^^, 
L. Mirahes Verge", A. Misiejuk™, J. Mitrevski^^e^ G.Y. Mitrofanov"^ V.A. Mitsou"'f', S. Mitsui^^ 

P.S. Miyagawal■■'^ K. Miyazaki^^^ J.U. Mjornniark^^ T. Moa"-'^"'^'"-'^'\ P. Mockett^''^ S. Moed", V. Moeller'^, 

K. M6nig44, N. Moser'o, S. Mohapatra"^, W. Molir^^, S. Mohrdieck-Mock'^^ A.M. Moisseeyi'^,*^ R. Moles- Vails ^'^e, 

J. Molina-Perez29, J. Monk™, E. Monnier82, S. Montesano^^a.ssb^ p Monticelh^s, S. Monzani^^^'is'^, R.W. Moore^, 
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G. Nunes Hanninger^^, T. Nunnemann^^, E. Nurse^'^, T. Nyman^^, B.J. 0'Brien'*^ S.W. O'Ncalei'"'*, 
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E. Petrolo^^ia^ p pg^^^^pjissaassb^ jy PetschuU^i, M. Pettenii^i, R. Pezoa^^i^, A. Phan^s, P.W. PhiUipsi^s, 
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E. Ragusa^S'^'^*'', G. Rahal^^^, A.M. Rahimii"^, D. Rahm^^, S. Rajagopalan^^, M. Ranlme^see'*^ M. Rammesi"*", 
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G. Siragusa^^^^ A. Sircar^^, A.N. SisakyanB*, S.Yu. Sivoklokov^^ J. Sjohn"5a,i45b^ -j- g sjursen^^, L.A. Skinnarii^, 
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